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CMOS Micropower
Phase-Locked Loop

B CD40488 CMOS Micropower
Phase-Locked Loop {PLL) consists of a Jow-
power, linear voltage-controlled oscillstor
{VCO) and two ditferent phase comparators
having a common signal-input amplifier and
3 common Comparator input. A 5.2-V zener
diode is provided for supply regulation if
necessary.

The CD4046B types are supplied in 16-lead
hermetic dual-in-line ceramic packages (F3A
suffix), 16-lead dual-in-line plastic packages (E
suffix), 16-lead small-outline packages (NSR
suffix), and 16-lead thin shrink small-outline
packages (PW and PWR suffixes).
VCO Section

The VCO requires one external capacitor C1
and one or two external resistors (R or R1
and R2). Resistor R1 and capacitor C1
determine the frequency range of the VGO
and resistor R2 enables the VCO to have a
frequency oﬁset |f required. The high input
impedance (101282} of the VCO simplifies
the design of fow-pass filters by permitting
the designer a wide choice of resistar-to-
capacitor ratios. In order not to load the
low-pass filter, a source-follower autput of
the VCO input voltage is provided at terminal
10 (DEMODULATED QUTPUT). 1if this
terminal is used, a load resistor [Rg) of 10
k§2 or more should be connected from this
terminal to Vgs. If unused this terminal
should be left open. The VGO can be con-
nected either directly or through frequency
dividers to the comparator input of the
phase comparators. A full CMOS  logie
swing is available at the output of the VCO
and allows direct coupling to CMOS
frequency dividers such as the RCA-CD4024,
CD4018, CD4020, CD4022, CD4029, and
CD4059. Orne or more CD4018 (Preset
table Divide-by-N Counter) or CD4029 (Pre-
settable Up/Down Counter), or CD4059A
(Programmable Divide-by-“N* Counter), to-
gether with the CD4046B (Phase-Locked
Loop} can be used to build 3 micropower
low-frequency synthesizer. A logic 0 on the
INHIBIT input “enables” the VLCO and the
source follower, while a logic 1 "turns off”
both to minimize stand-by power consumg-
tion.

MAXIMUM RATINGS, Absolulo—Maximum Vilves:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

CD4046B Types

Features:
= Very low power consumption:

70 LW (typ.) at VCO £, = 10 kH2, Vpp = 5 V
® Oparsting frequency range up to 1.4 MHz {typ.)

at Vpp = 10 V, RI = 6 k)

® Low frequency drift: 0.04%/°C ltyp.) at Vpp =10 V

B Choice of two phasta comparators:
Exclusive-OR network {1}

Edge-controlled memory network with phase-pulse

cutput for Jock indication {11}

= High VCO linearity: <1% {typ.) at Vpp = 10 V

® VCO inhibit control for ON-OFF keying
and ultra-low standhv power con-
sumption

® Source-follower output of VCO control
input {Demod. cutput)

® Zener diode to assist supply regulation

® Standardized, symmetrical output
characteristics

= 100% tested for quiescent current at 20 V

u 5-V, 10-V, and 15-V parametric ratings

® Meets all requiremants of JEDEC Tentative
Standard No. 138, "Standard Specifications
for Description of ‘B’ Series CMOS Devices”
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Applications:

# FM demodulator and modulator

u Frequency synthesis and multiplication

® Frequency discriminator

® Data synchronization

® Voliage-to-frequency conversion

# Tane decoding -

» FSK — Modems

# Signal conditioning

# {See ICAN-6101) “RCA COS/MOS
Phase-Locked Loop — A Versatile
Building Block for Micropower
Digitel and Analog Applications”
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Fig.1 — OCMOS phase-Jocked ioop block disgram. -,

Voltages reforanced toVigg Tarminad) ............. TE T R L LT TR T T T e, -0.5V 16 +20V
INPUTVOLTAGE RANGE, ALLINPUTS ...........ooiviiiiiviiniiininciiiarenias -0.5VioVpp +0.5V
DC MNPUT CURRENT, ANY ONEINPUY ... .. i iiriiis ot ctnaieetne e e e aneaes T10mA
POWER DISSIPATION PER PAGKAGE (Ppk

ForTam=B80C o #1000 ... .. ittt iiiiiiatriiitiiane i craa s v r v s re s nns SoomW

ForTa=+100% 10 +125%C....ooiiii i ii i cennes Derate Lingarity al 1 2mW/oC 10 200mwW
DEVICE DISSIPATION PER DUTPUT TRANSISTOR

FORTp = FULL PAGKAGE-TEMPERATURE RANGE (All Package TYpes) .........viveierran.n. 100mW
OPERATING-TEMPERATURE RANGE (TA). .0t vuiiiiiiiiiisaaisiiaranssnsennan ~850C 1o +128°C
STORAGE TEMPERATURE RANGE (Tatg) .. v vrvnrvrvrernranrnrrnanreanriorsasnies -869C 10 +1509¢C
LEAD TEMPERATURE (DURING SOLDERING)

Al distance 1/16 + 1/32 inch (1.59 £ 0.79mm) from care for 108 MAX .. ...vvvnvrivrevvianerans +2669C
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Phase Comparators

The phase-comparator signal input {terminal
14] can be direct-coupled provided the signal
swing is within CMOS  ogic levels [lagic
0" €30% {(Vop-Vss), logic 17" 3 70%
{VDD-Vss)]. For smaller swings the signal
must be capacitively coupled to the self-
biasing amplifier at the signal input.

Phase comparator [ is an exclusive-OR net-
work; it operates arual.‘agt')u'.\1l\,|r to an over-
driven balanoed mixer. To maximize the lack
range, the slg'lal and comparator-input fre-
quencies must have a 50% duty cycle. With
no signal or noise on the signal input, this
phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter
connected to the output of phase comparator
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CD40468 Types

RECOMMENDED OPERATING CONDITIONS at T4 = Full Package-Temperature Rangs -
For maximum reliability, nominal operating conditions should be selpcted so that

operation is always within the following ranges:

DESIGN INFORMATION -

This information is a guide for approximating
the values of external components for the
CD40468 in a Phase-Locked-Loop system,

CHARACTERISTIC LIMITS uNITS
Min. Max.
Supply-Voltage Range VCO Section:
As Fixed Oscillator 3 18
Phased-Lock-Loop Operation 5 18 v
Supply-Voltage Range Phase Comparator Section; -
Comparators 3 18
VCO QOperation s { .18

The selected axternal components must be
within the following ranges:
SkiZ& R1, R2, Rg & 1 MQ
C1>100pF at Vpp =5 V;
C1>50pFatVpp = 10V

Phaw
Characteristics Con'lp.rlw Defign Information
Used :
) VCOWITHOUT OFFSET | VCOWITH OFFSET
) R 2= o
L]
m{:- - 2y,
VCO Frequency 1 :
Yopt wa't Vao
VCO INPUT VOLTaSE VCO PUT WLTSGE
- FOMIN
2 Same as for No. 1
For No,Signal Input 1 VCO will adjust to center frequency, T,
2 VCO will adjust to lowest operating frequency, fmin
2 f_ =1full VGO frequency range
Frequency Lack 1
2 1L = tmax=fmin
Range, 2 fi_
2 Same as for No.1
Frequency Capture 5 “_ ' {13, {2)
Range, 2 fo TR TR C2 21c Bl FﬂL
1 af 1
woom v
Loop Filter
Gomponent L Faor 2 g, see .Ref‘ {2)
Selection ;“
AT -Eren
2 - o =1
Phase Angle Between 1 807 at center frequency {fg) approximating 0O
Signal and Camparator and 180° at ends of lock range (2 1 }
2 Always 0¥ in lock
Locks On Harmonic of - Yes .
Center Frequency 2 Ng
Signal Input 1 High
Noise Rejection 2 Low

For further information, see

{1} F. Gardner, “Phase-Lock Techniqhes" John Wilsy and Sons, New York, 1566
{2} G. 5. Maschytz, “Miniaturized RC Filters Using Phawe-Locked Loop'’, BSTJ, May, 1065,
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1" supplies the averaged voltage to the VCO
input, and causes the VCO to oscillate at the
center frequency (fg).

The frequency range of input signals on
which the PLL will lock if it was initially
out of lock is defined as the frequency cap-
ture range (2f5),

The frequency range of input signals on
which the loop will stay locked if it was
initially in lock is defined as the frequency
lock range (2f| ), The capture range is < the
lock range.

With phase comparator [ the range of fre-
quencies over which the PLL can acquire
lock (capture range] is dependent on the
low-pass-filter characteristics, and can be
made as large as thé lock range, Phase-com-
parator | enables a PLL system to remain
in fock in spite of high amounts of noise
in the input signal.

One characteristic of this type of phase com-

parator is that it may lock onto input fre-
quencies that are close 1o harmonics of the
VCO center-frequency. A second charac-
teristic is that the phase angle between the
signal and the comparator input varies be-
tween 09 and 1809, and is 902 at the center
frequency. Fig. 2 shows the typical, trian-
gular, phase-to-output response characteristic
of phase-comparator I. Typical waveforms
for a CMOS phase-locked-loop smploy-
ing phase comparator I in loeked condition
of {5 is shown in Fig. 3.
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Fig.2 — Phase-comparator | charecteristics
ot low-pass filter output.
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Fig. 3—Typioal waveforms for CMOS phase-locked
ioopemploying phasa comparetor in tocked
condition of f,.

Phase-comparator 1l is an edge-controlled
digital memory network. [t consists of four
flip-flop stages, control gating, and a three-
state output circuit comprising p- and n-type
drivers having a common output node. When
the pMOS or n-MOS drivers are ON they
pull the output up to' Vpp or down to
Vg5, respectively. This type of phase com-
perator acts only on the positive edges of
the signal and comparator inputs. The duty
cycles of the signal and comparator inputs
are not important since positive transitions

H
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CD4046B Types

STATIC ELECTRICAL CHARACTERISTICS

_ - v
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) [N |
TERISTIC = : '|r

Vo {Vin [Voo| . , 428 s
V) |vd [iv) ]| 56 |—40 | +85 |+125 | min. | Typ. [maex.
VCO Section
Output Low 0.4 05| 6 | 04| 081 | 042] 036] 0.51 1] -
(SinkiCurrent  [06 . l010]10 | 6] 18] 19| o8| 1.3[ 26| -
oL Min. 1.5 [oas|15 | 42| 4| 28| 24| 34] e8| -
Output High 46 | 05| & [-0841-081 | -042]-036}051] 1] - |mA
{Sourcs} 26 |os| 5 [ -2| 18] —valas[ 16l —32] =
Current, g5 lot1o]10 | -16] 18] —va|-o09f-13] —26] -
YoH Min. 135 |0.15|15 | 42| -4 | -28| —24] —34] 68| -
Output Voltage: [Term.4| 05] 6 0.05 — 0008
Low-Level, driving (0,10 | 10 0.05 - 1. 6]006
| Vo Max. CMOS [ot5[15 0.05 - 0[0.08]v
Output 05| s 4,95 496 5] —
Voltage: eqg. |010]10 995 995 0] — |
High-Level, Term.3 |0,15 | 15 14.95 1495 15| -
VoH Min. ' _
Input Current 5
- o8] | 04| 20. 1] 21| - ko5 |09 [ua
iy Max. r
Phase Compaator Section '
Total Device - 05] 65 ] . 0.2 ~ ] 01 | 02
Current, IppMax.| —  [o,10 | 10 1 = | os 1 |lma
;"“*;‘1 open. I~ T615(15 15 = | 0.75] 15
erm-==YnD — |020] 20 4 = 2| a
- 05| 5 20 - 10| 20
Term. 14 = Vgg - loa0]10 40 - 20| 40 ).a
“vVDo-T“m-5 - [0,5]15 80 — 40| 90
DD -  |o20]20 160 = 80 [ 160
Output Low 04 |o5]| 5 [os4]| 061 ] 042] 0.36] 0.51 1] -
(Sink) Current 05 |o,10}]10 1.8] 1.5 1.4] 09] 1.3] 28] -~
gy Min, 1.6 [015])15 | 4.2 4| 28| 24| 34| 68| -
Output High 48 [o5] 5 |-os4|-061 | 042}038les1] 1] — |ma
(Source} 25 Jos]s -2] 18| 13Ra8] 18] -3.2] -
f""‘;,‘ 95 Jo0[t0 J-16] 18] —1a]-098]|-1.3] 28] -
| on ™ 135__ 10,15 (16 (42| -4 | —28|-24|-34] 68| —
DC-Coupled
Signat Input end
Comparator Input
Voltage Sensitivity| 0-34.5] — | & 1.5 -1 - 115
Low Levet 1,9 - 110 3 - - 3
VL Max. 15135] — |18 4 -1 - 41y
High Level 0545) — | 5 3.5 38| - -
Vi Min, 1,9 | - [10 7 7 = =
1.5,135] - [18 1 1] = —
control the PLL system utilizing this type of the time. If the signal-input frequency input trequancies are the same, but the’

of comparator. If the signal-input fre-
quency is higher than-the comparator-input
frequancy, 1ne p-type output anwver is main-
tained ON most of the time, and both the
n and p drivers OFF (3 state) the remainder

is lowsr than the comparator-input frequen-
oy, the n-type output driver is maintained
ON most of the time, and both the n and

p drivers OFF (3 state) the remainder of -

the time. If the signal- and comparator-
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signal input lags the comparator input in
phase, the n-ype output driver is main-
taingd ON for a time corresponding to the
© phase difference. If the signal- and com-
parator-input freguencies are the same, but



STATIC ELECTRICAL CHARACTERISTICS

CD40468 Types

. . u
CHARAC. CONDITIONS LIMITS AT INDICATED TEMPERATURES (o¢) | N
L . 1
TERISTIC . T
Vo | Vin|voo ' 2 s

W | v || 55 | a0 | «85 |¢125 [min| Typ. | Mex.

Phase. Comparatar Section {cont’d}

Input Current : . )

iy Max. - | 048l18 | 204 ] 01 | 1| —|[+10-9] 201 |pa

fexcept Term 14} .

| 3-5tate Leakape _ : _ .- u]
Current, 0.18 0,18 18 .1 +0.1 2 | 02 — | 20F | HL A
loyT Max. : ’
*Limit determined by minimum feasible leakage current measurement for automatic testing.

ELECTH!CAL C‘HARACTEﬂISTICS at TA = 25 Cc .

CHARAG LIMITS

TERISTIC TEST CONDITIONS Vpp ALLTYPES fyn(Ts

B ' ) | Min.| Tvo. [Max.

VCO Section )

= 10 kH = ' -
Operating Power :'; e ‘ 1 sy -3 0 _140l
D|ssupat|on, Pp |2 VOO = QD 10 - 800 | 1600f W
_ ) IN 15 - | 3000 (6000
€y=50 pF 5 | 03] 06| -
Maximum 1=*p
Operating Ry = Ry =10k 10 | o8] t2) -
Frequency f,.. VCOiN=VDD 15 0.8 16| - MHz
=80 pF 5 0.5 08| -
R2=°°_ Ry =5k$ 10 1 14| —
. VCOINVDD - 18 | 14] 24| -
Center Freguency )
l:fol and Frequency
Fi(?nge £ Prograrnmable with external components R1, R2, and C1
max™ 'min} See Design Information
VCOIN=25v20.3V, Ry=10k2| 5 — 1.7 | —
_ =5V 1YV, ‘= 100k$Y 10 - 05| -

Lineafity =5VI28y, =400k$2{ 10 — 4| — 1%
=75V$1.6V, =100k0| 15 = 0.5 | —
=78vihV, =1MQ 15 - 7 —

Temperature - '

Frequency 5 - | #0.12 | -
Stability: 10 - | 004 | .-
No Frequency 15 - o5 | —
Offset f =0
MIN %°C
Frequency - [ — | *0.09 | -
Offset 10 - | #0.07 | -
fmin #0 15 ~ | t003 | -

Output Duty

Cycle 15.10,15] - 5 | - | %

Output Transition 5 - 100 (200

Tlrne;{ _ 10 - S0 (100 | ns
ITTHL TLH 15 - 40 80
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the comparator input lags the signal in phase,
the p-type output driver is maintained ON
for a time corresponding to the phase dif-

"fersnce. Subsequently, the capacitor voltage

of the low-pass filter. connected to this phase
comparator is adjusted until the signal and

- comparator inputs are equal in both phase

and frequency. At this stable point both p-
and n-type output drivers remain OFF and
thus the phase comparator cutput becomes
an open circuit and holds the voltage on the
capacitor of the low-pass filter constant.
Moreou_rer the signal at the *’phase pulses”

_outpant’is a high level which can be used for

indicating a locked condition. Thus, for
phase comparator iI, no phase difference
exists between signal and comparator input
over the ful VCO frequency range. More-
over, the power dissipation due 10 the low-
pass filter is reduced when this type of phase
comparator is used because both the p- and
n-type output drivers are OFF for most of
the signal input cycle. |t should be noted
that the PLL lock range for this type of phase
comparator is equal to the capture range,
independent of the low-pas¢ filter. With no
signal present at the signal input, the VCO
is adjusted to its lowest frequency for phase
comparator I, Fig.: 10 shows typical wave-
forms for &8 CMOS PLL employing phase
comparater 11 In a locked condition.
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CD40468B Types

-] 1 =R
ELECTRICAL CHARACTERISTICS ot Ty, = 256°C [ rpocha | e Toweenimi 15-25
‘CHARAC- LIMITS f"' F
. TERISTIC TEST CONDITIONS VoD ALL TYPES |uNiTS LS
(V| Min. | Typ. | max. it
VCO Section (cont’d) s F _ | suepLy vour,
£ F g, YpoltiBV
Source-Follower _ z L3
Output {Demodu- ) -] - 18125 g e
tated Output): RS > 10k 10 - 18 |25V EE
Offset Voltage 15 - 1.8 | 25 ok
|VCO|N—VDEM L] F FETET) IR .
|Rs=100 k§2 | VOO = 2.5¢0.3V 5 - 03 | - o VED TIMNE emmonx:-cn-,.r ‘m-a:;u
Linearity =300k} w52 6V 10 - 0.7 | - % Fig. € — Typicel fraquency oftset 8+ 8 function of
=500k} =75+6V 18 _ 09 _ Cfmdﬂ'ﬂfnzwpogsv,fov.w
- - 5v.
Zenwer Diode ' : -
Voltage (V) 12 =50 uA 4.45 55 1815 |V E rziohn ¥ VOLTAGE tpg) 710 V]
N OwitVas WHIBIT-Vaq |
Zener Dynamic ""'5 M
Resistance, R, iz=1mA - 0] - | & i ok L 4‘%.
1 1w E Im
Phase Comparator Section } w’|{ I - &%
F ne-ugn'\ \ %Q
Term. 14 {SIGNAL 5 1 2| - E LI . & 7,
N} Input 10 |oz]| 04| - |me *"F NN
Resistance R 15 o1 021 - el k3
14 : . % 5 - ‘Nqa\

AC Coupled ¢ ek g
Signal fnput 5 - | 180} 360 o . ™ \ 0
Voltage Sensi- fin =100 kHz, 10 T N

: - 330 | 660 | mv
thltv‘ Ipeak- SHe wave 15 _ m 1800 VOO THMNG Cmﬂﬂll—pzukm
to-peak) Fig. 7 — Freguancy offset as & function of
€1 and A2 for ambient temper-
Propagation Delay aturgs of —85 Cto 126 C.

Times, Terms. 14 13 - f:g ggg
to': High 10 ol I I Bl i e

Low Level, PHL # Fuay WHEN VG, - Vg

‘ 5 | - | 3s0/700 T
Low to Hi
 High 0 | - | 150 } 300 ns F
Levei, PPLH i TYPIEAL I/ i
15 = 100 | 200 S uwT- ro-uT veemaTion
3-5tate Propagation 3 4 Yoo fnxﬂ':u

Delay Times, 5 - 225 | 450 L ol I T

Terms, 3 to 13 10 — 100 | 200 | ns o _,'—:.' 2
High Level to 16 - 95 | 190 .

Highlmpedance, I‘-. L1 Loetad ow g
tPHz oluz QOUIIQSOI 2!"'oalllm
R /R S2CE- WOS4
Tf;:“\"’l—;:ﬂ}?gal 5 - 235 570 F"'- 8- Typiwl ,uAXﬂMfNa‘ & function Of
High Impedance, 10 - | 130 | 260 | ns R2/R1.
tpLz 15 - 95 | 190 |
AMMENT TEMPERATURE Ty | 12840
Input Rise or Fall 5 _ _ 50 x m-‘w:. R::-.sou!

Times, 1, t; See Fig. 5 for Phase Comp. 1| 10 . Lo
Comparator output loading 15 - - HE ; Sy v,

Input, Term. 3 - - 0.3 g ol o “iw.,,v

; S - - 500 a \ 1= 50 pF
St loput I - PR I N S
- 3 ~ 50
s |- | - |28 S S N
— 5 |- |00 |200 ol N
Output Transition 10 _ 50 |100 |ns gk " oF
Times, tyHL. tTLH 15 - 4 | 80 ol
* For sine wave, the freq ¥ must be g than 10 kHz for Phase Comparator il. w 't e Pt fwr BT
M — APC A MOMAE
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Fig. 9 — Typical VCO powsr dissipation at center

frequency a3 8 function of B 1,
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Dimensions and pad layout for CDIOIGEN,

Oimenssans in parentheses are in miliimeters and
are derived from the basic inch dimensions as -
dicated. Gnd graduations are in rufs (103 inch).

3-129

"[RO TOIRERATIE (T4 25°C)
+30

L% .
| ¥ - —
£
g
= p*
3 1080 oF
- \ 1 uF
. sopr
« ot T oF
¥ F
£ a2 [ »
§ o2 | \oF
i N ool g el L Ll
2 ¢ 10 F ] P
" - [ty 0% w*
LY SEEE-TO
Fig. 12 = Tyarcal YCO pawer dissipation ot faginy
© #s8 functionof R2. o
o] AMBIENT TEMPERATURE (Ty}s 287C]
¥ Yoo ievvOu T3V VA2 10
o
-
5 L]
.
w L1 o )
LY a-
| CI450 pF
r ok W0 pF y
= pF
=5
w o G’L
oo revisey ol
T ¢ ' 2 o [y
Fo - HE V)
i W LINEARITY — X g 0.4 uF
s "
[ T Y U BEUEN Y BT SR La
IQ-IE 46.I 2 4l!n 2 45.!01' “"IO’

Ri— il A= HOMAR

Fig. 15 = Typicsl VCO linearity st a function of
RTand C1 at Vpp = 10 V.

AMNIENT TENPERATURE { Ty 280

]
8| ¥ope I3 V. VEO s T 218 V, REem
[
[
g n._
oL
[
> .
'g +L l:l-w\pr‘ 00 pF m,>
)
)
:_ ror v; L
sl
Fp—F{78 V1 \ 1000 p¢
W LINEARITY -ﬂ—--f,{ w100 004 .F
T o o1 pf
e 'R T BEETIEL BT 1 A
FEEED T 4 kR T o4 44 2 o+ &0
1071 ' [ w0 -“m’
N = BECK: JOB4

Flg. 16 — Typicel VO linsarity az & function of
Rland Ctat Vpn =18V,

[ COMMERCIAL CMOS I
HIGH VOLTAGE ICs




i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 14-Aug-2021

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
5962-9466401MEA ACTIVE CDIP J 16 1 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962-9466401ME Samples
& Green A ]
CD4046BF3A
CD4046BE ACTIVE PDIP N 16 25 RoHS & Green NIPDAU N/ A for Pkg Type -55to 125 CD4046BE
CD4046BEE4 ACTIVE PDIP N 16 25 RoOHS & Green NIPDAU N/ A for Pkg Type -55to 125 CD4046BE
CD4046BF ACTIVE CDIP J 16 1 Non-RoHS SNPB N/ A for Pkg Type -55to 125 CD4046BF Samples
& Green =
CD4046BF3A ACTIVE CDIP J 16 1 Non-RoHS SNPB N/ A for Pkg Type -55to 125 5962-9466401ME Samnles
& Green A sl
CD4046BF3A
CD4046BNSR ACTIVE SO NS 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -55to0 125 CD4046B Samples
CD4046BNSRE4 ACTIVE SO NS 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -55to 125 CD4046B Samples
CD4046BPW ACTIVE TSSOP PW 16 90 RoOHS & Green NIPDAU Level-1-260C-UNLIM -55t0 125 CM046B
CD4046BPWG4 ACTIVE TSSOP PW 16 90 RoOHS & Green NIPDAU Level-1-260C-UNLIM -55to 125 CM046B Samples
CD4046BPWR ACTIVE TSSOP PW 16 2000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -55to 125 CM046B

E:I
i
m
i

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
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http://www.ti.com/product/CD4046B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B-MIL?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/CD4046B?CMP=conv-poasamples#samplebuy

i3 TEXAS PACKAGE OPTION ADDENDUM
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www.ti.com 14-Aug-2021

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF CD4046B, CD4046B-MIL :
o Catalog : CD4046B

o Military : CD4046B-MIL

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( Bo W
Rl |
L & Diameter ' '
Cavity —>| A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q31 Q4 Q3 | User Direction of Feed

[ & |

T T

AN

Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

CD4046BNSR SO NS 16 2000 330.0 16.4 8.45 | 1055 2.5 12.0 | 16.2 Q1
CD4046BPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 3-Jun-2022
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CD4046BNSR SO NS 16 2000 356.0 356.0 35.0
CD4046BPWR TSSOP PW 16 2000 356.0 356.0 35.0

Pack Materials-Page 2



/2 TEXAS PACKAGE MATERIALS INFORMATION
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www.ti.com 3-Jun-2022
TUBE
T - Tube
height L - Tubelength
*
> w-Tue| I U L
> V\£ dth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
CD4046BE PDIP 16 25 506 13.97 11230 4.32
CD4046BE N PDIP 16 25 506 13.97 11230 4.32
CD4046BEE4 N PDIP 16 25 506 13.97 11230 4.32
CD4046BEE4 N PDIP 16 25 506 13.97 11230 4.32
CD4046BPW PW TSSOP 16 90 530 10.2 3600 35
CD4046BPWG4 PW TSSOP 16 90 530 10.2 3600 35
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
alaiaialaialia B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AWK | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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PACKAGE OUTLINE
NSO016A SOP - 2.00 mm max height

SOP

14X
10.4 2X
10.0
NOTE 3
0.51
64 16X o 38 L
8] 5.2 - (9 [0.25@ [c|A[B] —=12.00 MAX
NOTE 4
/ "
/ [ )
\ J \ 3 j L 0.15TYP
| , iy
AN . pa \f

— SEE DETAIL A

GAGE PLANE

0.3

J 0.1
0°-10° Yﬂ !

oes DETAIL A
TYPICAL
(1.25)

4220735/A 12/2021

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm, per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm, per side.

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
NSO016A SOP - 2.00 mm max height

SOP

SEE
DETAILS

16X (1.85) ﬁ SYMM
1 ¢
i | o
|
oo [ | .
|
o O
) | ) sy
_ ) M ¢
7 | ! |
== T
14X (1.27) ! | !
] | 1]
|
; | Enr
(RO.05) TYP ! !
—
LAND PATTERN EXAMPLE
SCALE:7X

SOLDER MASK SOLDER MASK
METAL /QPENlNG OPENING‘\ /METAL

,,,,,,,,,,,

JL 0.07 MAX JL* 0.07 MIN

ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4220735/A 12/2021

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
NSO016A SOP - 2.00 mm max height

SOP

[y
[«2)

16X (0.6) T ‘

16X (1.85) ﬁ SYMM
5 I
|
|
|
|
|

E=
R e
-

©

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:7X

4220735/A 12/2021

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS

www.ti.com




PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14X
T — e
— S e
— —
2X
51 —/ 1
4.9
—] —
—] —
o
Y — =
9 t
._J-i 45 16X 030

4.3 y
@ To10 [c[ATe]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/A 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
" EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/A 02/2017

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
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